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A GENERAL DESCRIPTION WAS PRESENTED OF THE SCHOOL
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IMPROVED. WITHIN. THE STRATEGY OF THE PROJECT, SEVEN TENETS
WERE LISTED AND DISCUSSED. FLOWCHARTS OF STUDY PROCEDURES. AND
OF INTERACTION AMONG THESE PROCEDURES WERE INCLUDED. tRS)



*oar **at*/ wolik el%amvaap404,t, 40 WO

MirMINOar. -
rewoo,'".fr. *os.

ik.M

-**ZikNoSk

''411/4

`.;.

TM-14931101100

SpeciallReport

Purpose and Strategy of the

School Simulation Project

19 December 1963



iiEPARTMENT OF HEALTH, 'EDUCATION: AND WELFARE
Office of :Eiluc.atIonl

te (I,Jr oriwnt tie,1 .tncn,lreprodticed. exactly 36 'received from the

dE;esorl crigiriltilig it. :Points of view or opinion*.

i.ttarcfi i ItM traeeasatliy represent official Office .01 Igatc01;111

roto:iitT" ear peticlp

am Series)

The research reported herein was conducted under SDC's
independent research program and Grant 7-14-9120-217,
U.S. Department of Health, Education, and Welfare,
Office of Education.

Special Report

Purpose and Strategy of the
School Simulation Project

by

John P. Cogswell, Robert L. Egbert,
Donald G. Marsh, and Frank A. Yett

19 DECEMBER 1963
(Principal Investigator, David G. Ryans)

Title VII of P.L. 85-864
National Defense Education Act of 195S

Grant 7-14-9120-217

MMEMMEMMEMMENWE
The views, conclusions, or recommendations
expressed in this document do not necessarily
reflect the official views or policies of agencies
of the United States Government.

SYSTEM

DEVELOPMENT

CORPORATION

2500 COLORADO AVE.

SANTA MONICA

CALIFORNIA

410

Permission to quote from this document or to repro-
duce it, wholly or in part, should be obtained in
advance from the System Development Corporation, or
from authorized agencies of the U.S. Government.



19 December 1963 1 TM-1493/101/00
(page 2 blank)

PURPOSE AND STRATEGY OF' SCHOOL SIMULAT/ON PROJECT

John F. Cogswell, Robert L. Egbert,
Donald. G. Marsh, and Frank.A. Yett

System Development Corporation
Santa Monica, California

ABSTRACT

This document defines the purpose and strategy of the School Simulation
Project. This project aims to use analysis and simulation of school Orgni-
zation to investigate organizational modifications in education that will help
implement instructional innovations. Five high schools varying in the extent
to 'which they are innovating are being selected for analysie. In addition, a
computer-based simulation vehicle will be constructed that will serve as a
conceptual tool for generating research hypotheses about ways in which school
design and orpnization can be improved, and for provisionally testing the
implications of tese hypotheses. Seven tenets, developed in the course of
defining the study, are listed and discussed. The flow of study procedures
and the interactions between these procedures are illustrated and 4iscussed.
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?URPOSE AND STRATEGY OF THE SCHOOL SIMULATION PROJECT

During the past 20 jeers great strides have been made in the development of
educational methodology and technology. Unfortunately, despite obvious weak-
ness in its ability to accommodate to instructional innovations, the formal
organization or structure of education has remained relatively constant.

A major. reason for the lack of change is the extreme complexity of designing
school organivAions that efficiently accommodate modern. instructional inno-
vations, An innovation such as programmed learning, for example., if used on
a large scale in a school, has implications for the design and organization
of the whole school. By providing a means for ,effective self study, it may
allow students to progress at their. own rates. Xt provides a. means and even
suggests, the need for breaking away from the lock-step 'system of advancing
students once a year only. However, when tas, spatial arrangements, the student
scheduling problems* and the versatile, and effective, use of resources, such a&
teacharai aro, considered for an accommodating organ national planA the problem
of deem is overwhelming. Mans without the aid of machines, Las limited
capacities for processing information. He is virtually unable to define. and
keep in mind the many variations in the hypothetical school he may be. consider.,
int and at the. IMMO time calculate predictions of the permutations, that might
occur throughout Ca system when, he. uses an innovation. such as. programmed
learning on a large scale.

At man's present level of oapability for designing school organizations, he
must formulate a relativeIr simple plan, try it in a real school, observe the
problems as they arise y an& attempt solutions on a piecemeal basis. It is tn
this costly fashion that schools have been designed in the past, awl it is the
pattern that must be foll,cwAd in the future unless new solutions can be found.

A procedure that has shout promise for thinking through complex:problems in the
design of military and business systems is simulation. By building a repre-
sentational model of the system, prOblems and solutions can be tried before the
proposed system is actually designed. In this form of simulation the modeling
is accomplished by programming the computer to store all the rules or procedures
Ind to process students through the school. Ideally, the program contains all
the procedures relevant to real instruction. It includes listings of all the
resources used by the school in accomplishing its task and the rules that per-
tain to the use of the resources. Finally, it provides for the study and
analysis of afferent school designs by simulating th.i operations of the various
schools and "6y predicting the changes that would take place in students and
resources as students progress through the school ctericulum.

whis paper defines the purpose and strategy of a project which uses analysis
and simulation of school organization to investigate organizational modifica-
tions in education that will help implemont instru:tional innovations.
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PURPOSE OF THE STUDY

The research is designed to analyze and simulate existing or possible school
organizations so that it will be possible to:

A. Define new roleelaeslogeprsonnel

In a traditional school, instructional and administrative- supervisory
personnel have relatively well-defined roles. Advocates of many educe-
tional innovations and technological changes state that such innovations
will "free the teacher for other activities." Critics suggest that the
new roles have not been adequately defined. An objective of this research
will be to define essential roles for various personnel in schools applying
different types and cInfigurations of educational male sand other major
innovations.

B. Provide information on the effects of new media

Critics of educational television and programmed learning have expressed
opinions that if these techniques are applied extensively in a school,
aside from any changes in the learning process, an unhealthful reduction
in the amount and type of teacher-pupil and pupil-poll interaction will
result. A major objective of this research will be to investigate the
extent to which such reservations concerning innovations are justified
and to explore ways of adjusting for problems which become apparent.

Describe snlicat122!211aLJEIMMILNUIELEREe

As flexibility is increased in school programs, student control problems
increase, since regular and exact schedules will not be possible. Data
processing equipment and procedures should find important application in
such situations. One of the objectives of this study is to determine and
describe ways in which such equip sent might be used to facilitate 'student
use of media adapted to individual instruction.

D. Provide information on amount and merit of school apace

Traditional high schools are typically built with a number of similar
classrooms to house students in groups that vary little in size. In
addition,a few administrative offices, a gymnasium, a small libram and
a limited number of additional rooms of varying sizes and purposes are
provided. A school making wide use of new media might require the same
total floor space but involve a quite different arrangement of that same.
Semi-private stations for individual study, small seminar rooms, and large
lecture rooms are all likely possibilities. An Objective of this study is
to provide information on amounts and probable uses and arrangements of
floor space for schools adopting various new media.
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Provide estimates of characteristics offiratlatIlm students

At the present time, most students are promoted annually from grade tovede, and almost all students complete high school in the age range 17-19.
Thaae graduating students are characterized by dlerse achievements in thevarious curricular areas; this diversity is widely recognized. If majorchanges are made in schools,, permitting students to proceed at use lf-deter-mined rates through the use of auto-instructional devices, the character-istics of graduating student groups may change radically. Age of graduation
may become much more variable. Also, if students are permitted to spend
sufficient time to master each successive concept presented, a marked
reduction in the actual range of achievement among graduates is possible.A fifth and very important objective of the project, then, is to provide
information about possible changes in characteristics of graduating studentsas technological changes are introduced.

In addition, the purpose of the research is to attempt the construction of acomputer -based simulation vehicle that will serve as a conceptual tool forgenerating challenging hypotheses for research, relating to ways iimiNich schooldesign and organization can be improved, and for provisionally testing theimplications of hypotheses. Specifically, the plan is to use computer simula-tion techniques to build a vehicle that rill provide:

1. The capability of building dynamic models of real or proposed highschools.

The capability of flexibly modifying the models to represent differentdesign configurations.

3. Detailed output data that reflect the effects of various design changeswithin the model.

The simulation vehicle will be constructed so that any high school can bedescribed in terms of school characteristics (resources, organizations, pro-cedures, etc.) and student characteristics that bear on the school's instruc-tional plan; for examrae:

a. The curriculum and its organization.

b.. The spatial arrangement of the instructional space.

c. The resources such as programmed learning materials, teaching machines,equipment, teachers, counselors.

d. The procedures for scheduling students through the instruutional system.
e. The procedures for scheduling students through the counseling cyst m.
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f. The procedures, for admitting. and terminating students.

The procedures. for relating to :external agencies', directly concerned
with helping students,

h. The information processing procedures.

i. The :Characteristics of the students that relate to the instructional
and counseling process.

The decision-making procedures,.

STRATEGY OF THE STUDY

The major purpose of the study is to find new solutions to implementing instruc-
tional media through analysis and simulation of school organization. However,
in order to provide a realistic data base for the study, five high schools
varying in their use of innovation will be selected for analysis. The problems
of selecting the five schools, collecting descriptive data on each analyzing
them, constructing a general simulation vehicle, generating hypotheses for
research, and making recommendations for the design of schools requires *r
elaborate research strategy. in the following two sections, the general and
the specific strategies of the project are discussed.

General Strategz

annber of tenets should be made explicit that have been developed in the
process of defining Us study.

1. Measures must be defined and
data must be developed to make the s

rocedures for anal le and:reduction of
tion vehic 'e useful as a

concept too . Simulation efforts in hi past have tended to slight
the importance of this point. This may be 'ecause the effort and
thought that goes into constructing a detailed dynamic model is so
great that the researchers are tempted to assume that the more explicit
descriptive formulation that they achieve places them in a better
position to decide how the environment which is being modeled can be
improved. But deTcription by itself--no matter how detailed and no
matter how explicl--does not ensure an increase in the number of
hypotheses about haw things might be impromi. At best, the descriptive
model provides a formal statement in algorithmic form that can be useful
for reference and communication purposes wnen thi&i.ng about how the
environment can be improved. If such a statement is what is sought in
the study, there is no need for computer simulation; descriptive flow
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charts should be adequate for this purpose.
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However, if the study is to provide a tool for generating research
hypotheses about ways in which schools can be improved, and for pro-
visionally testing the implications of these hypotheses, computer
simulation is required. The computer simulation vehicle should provide
a means for actually making modifications in the design. It should
also provide data that may be of use in making judgments about the
implications of the design changes. Without Such a capability, the
researcher is in a position similar to the investigator who makes
changes within a real school before he has developed measures to help
him evaluate the results. He must rely on reports from casual obser-
vation. But the investigators who are trying to evaluate an idea by
means of computer simulation ce not query simulated teachere and treat
them as caeual observers.

2. The questions that are formulatellamtehol!aramtmataltEnly
pint in time during the studzoperationally define the orientation
ofthemolEELEL9Et time and determine the variables that are
selected for ansltelst_simution and measurement. The point of view
expressed in this tenet is that the process of study is always directed
toward solving particular problems. The process is not aimless and
random. The major interest is not to construct dynamie models of
schools and then to look for results that seem to have significance.
On the contrary, the study is oriented toward the solution of problems.
The best definition of this orientation is the questions about school
organization that are raised in the process of the study. The questions
will define the growth and shifts in orientation of the project.

The basic question underlying the study is "Can organizational configu-
rations be developed that will help implement instructional innovations?"
This question has been further defined by the five project objectives:

a. Can essential roles for personnel be defined in schools applying
different types and configurations of educational media and other
major innovations?

b. Can the effects,of different educational media on teacher-pupil
and pupil-pupil interaction be estimated? And, more specifically,
can organizational plans be developed that increase the amount of
interaction?

c. Can data prycessing techniques be designed for solving the problems
associated with an individualized instructional process in schools?
This question can be subdivided into a number of more specific
questions, such as: Can resources be scheduled in such a way that
students will be able to have instruction planned in an individual-
ized manner? Can procedures be developed to keep track of student
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progress? Can procedures be developed to determine when students
are in trouble or need help?. Can information retrieval techniques
be developed that provide teachers a capability of getting an up-
to-date and integrated picture of student progress?

d. What kinds of spatial arrangements are needed for adopting various
new educational media and for various organizational plans?

e. What effects do different educational media and organizational
plans have on students?

Each of these questions leads to more specific questions that relate
more and more to specific educational media and organizational plans.
Ultimately., the further refinement of the questions leads to the
specification of the measures that will be used to evaluate the plans
that are formulated and tested with the simulation vehicle. And the
questions determine the variables that are included in the analysis
and simulation, There, is no point in simulating aspects of the school
that have no relationship to the questions that are to be asked.

The results of com inter simulation runs will resent :lnanticipated
tterns in the a hat will fora the basic for iztomilliqumea:

theses. In this sense the simulation will create new ideas. Although
the questions that are forMulated will define the orientation of the
study and will determine the measures that are developed, the computer
simulation runs will produce data that suggest possible effects of
innovation that would not be logically predicted. These effects may
form the basis of hypotheses for empirical research.

The r of the simulation rocedures for roduci effective or
zst_ Iona plans _depends tense -y u nh vatait of the de" 1114
hypotheses that they produce. The design recommendations that emerge
from the simulation runs must be considered. hypotheses that are offered
for empirical evaluation, rather than recommendations that have been
adequately tested. The simulation model will tend to have the usual
disadvantages of any model. It will tend to encourage overgeneralita-
tion and mill entice users into a logical fallacy of the following
simple conditional type If the statement "if A then B" is true and
if B is true, then this means that A is also true. The fallacy is
obvious, yet it may trap a user of the model who, on finding that some
function (B) of the model agrees with some function in real life (thus
asserting the truth of B), concludes that the variables: constants, and
assumed relationships (the A's) with which he began re valid. The
confidence that is placed in the hypotheses or recommendations should
depend upon the accumulation of empirical data that can be used to
Judge the validity of the recommendations.
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Two kinds of validation studies should be conducted:

a. The recommendations suggested for school organization should be
tried and evaluated in realistic school settings. The evaluation
should cover a time period that will allow for an adequate evalua-
tion. in other words, the time devoted to study should extend
beyond the early period when initial enthusiasm from the novelty
and increased public attention may elevate the findings.

b. The simulation runs will produce effects within the model that
will be used to judge the effectiveness of various plans. For
example, simulation runs may indicate that the experiences that
students have in a continuous progress plan school will become
more and more heterogeneous in a very short period of time, so
that the problem of forming homogeneous groups and maintaining
group continuity will be extremely difficult. More specific
findings of this kind should be tested under empirical conditions
to determine the correspondence between the operations that occur
in the model and in the real situation.

5. A simulation vehicle constructed to2rovide the carability of modeling
five hi schools which var markedi in the extent of educational
innovation will have eneral a licabilit for modeli other hi
schools. The five schools that are analyzed in the project cannot be
considered a representative sample of high schools in the United States.
However, it is possible in future studies to obtain a simulation vehicle
with wider applicability by selecting for simulation amore diverse and
representative group of schools; for example, a traditional high school
with little innovation, a school which uses the Continuous Progress
Plan (Read, 1963) in which students progress at individual rates and
spend much of their time in individual study, and a school which uses
team teaching on a wide scale.

6. A facilitati: reci rocal interaction exists between the task of
collecting emirical data from the schools and the task of constructing
the simulation vehicle. The project might be planned in such a way
that the simulation vehicle would be constructed after the completion
of the data collection. However, the formulation of a good simulation
vehicle forces a more explicit and carefully thought-out consideration
of the components in schools and of the interactions between these
components. This greater consideration changes the data collection
procedures by providing a more systematic basis for planning their
collection. In addition, the collection of empirical data from the
high schools affects the model building by directing greater attention
to the details of the real environment. The project is planned so that
both the data collection and the construction of the simulation vehicle
occur simultaneously throughout a major part of the project's direction.
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Mathematical modelaiitytecniuesw:11112resstTlica-bilit to specific mroblems such as solvi for the o Una number
otelors fora school ore...121E512R. Sim arson may

provide a descriptive model that is expressed in algorithmic "orm.
The explicit model, if constructed with a great deal of thought and
careful consideration of reality, should be extremely useful for
communicating and thinking about schools. But it does not provide any
means for adequately solving analytic problems. Therefore, specific
problems will be isWated for analysis, and mathematical modeling
techniques will be explored for their applicability to these problems.

Specific
EISPI2A19E1111j2Lack

Figure 1 shows the flow of the major steps in the project. The steps proceedas follows

1. The general knowledge of project personnel about the organization and
structure of high schools at any given point in time is represented
by block 1.

By transposing the general knowledge into a simulation model the think-
ing that is usually unorganized and poorly formulated is explicated
and systematically formalized.

3. The general knowledge and the more carefully formulated model determine
the plans for the collection of data and the choice of data to be
collected from the high schools that are selected for study.

4. Data which are descriptive of the schools are collected for analysis.
Since the research emphasizes those aspects of the school most closely
related to the instructional process, the information collected wi
include operating procedures of such areas as over-all organization,
curriculum and instruction, and the counseling service.

The top arrow from block 4 that leads into the arrow returning from'
block 9 shows that the collection of descriptive empirical data from
the real schools feeds back into the general knowledge about high
schools (block 1) and changes it. This change in the general knowledgewill also lead to a change in the formulation of the simulation vehicle(block 2). In fact, the loop defined by blocks 1 through 4 will con-
tinue throughout the study. Both the growth and the generality of the
simulation vehicle should increase as long as this process continues.

Analysis of the schools consists of constructing logical flow chartsof the different phases showing operations, movement, decisions, andinteractions.
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6. On the basis of the analysis, specific questions will be formulated
about ways in which the schools can be improved. The word "questions"
is used in this instance to distinguish it from the "hypotheses"
referred to in block 12. The questions in block 6 might be thought of
as hypotheses, because they will be ideas about how particular schools
might be modified. The ideas will be tested with the simulation
vehicle (block 8). However, testing design ideas with the simulation
model does not constitute an empirical test. Therefore, the more
formal term "hypotheses" is reserved for the ideas that withstand the
simulatioA tests and are then offered for empirical test (block 12).

7. Criterion data or measurements that can be used to help answer the
questions raised in block 6 will be developed. This is one of the
most important steps in the study. The potential of formulating design
improvements depends to a great extent upon the availability of measures
that show the effects of design changes.

The various design modifications suggested by the analysis and the
questions that have been formulated are simulated with the model Oa
the computer.

9. it is assumed that actual commter runs with the simulation model will
serve as a checkout of the procedures in the model and will probably
show inadequacies in the model.' Therefore, the general simulation
model will be revised to incorporate changes suggested by the test
rune. A feedback loop from block 9 to block 1 is shown to illustrate
that the process of analysis and simulation leads to modifications in
the general knowledge of high schools.

10. The results of the analysis described in block 5 sand the results of
the simulation runs are combined into final analyses or conclusions.

11. Blocks 11, 12, 13, and 14 show the major outputs that can be expected
from the study. Block 11 represents the reports of the anali3es of
the five schools.

12. The simulation effort is oriented toward developing a,eneral model
of schools that will incorporate aspects general to all schools, brt
will permit the modeling of any specific school organization or proposed
organization. To the extent that the model has generality it should
serve the utility function of a theory by facilitating the generationof research hypotheses.

Air

13. Since the main purpose of the study is to find new solutions to the
implementation of instructional media through the analysis and simu-lation of school organizations, it is expected that recommendations
regarding the design of schools will be formulated.
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14. Finally, a technology, for analyzing and formulating design changes in
achoola is expected.

The data collection and analysis of the five schools is represented by blocks
4, 5, 8, 10 and 11. A more representational portrayal would repeat the flow
five times on a horizontal plane to illustrate that the procedures are repeated
for each school. The more detailed description also would emphasize the fact
that the model or simulation vehicle is continually reformulated and developed
in relation to the study of the five schools.

The School Simulation Project should provide a more carefully draveloted, more
systematically, planned, and more explicit analysis of the problem of imple-
menting innovation in education than has been heretofore accomplished. By
giving greater consideration to the detailed analysis of school organization
in its relationship to innovation, the study should produce design suggestions
for schools, that are more dramatic in their implications for education.
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